The main reserve carbohydrate extracted with hot water from the tuberous roots of Arrhenatherum elatius var. bulbosum was purified by alcoholic fractionation and charcoal column chromatography and obtained as a single component. This was a hexasaccharide composed of one glucose and five fructose residues. Structural analysis showed that the glucose residue is located at the end of a ~-2, 1-linked D-fructofuranose chain in forming the sucrose residue.
Isolation and Purification of Glucofructan The tubers were minced with four times amount of distilled water, keeping neutral by the addition of saturated barium hydroxide solution and refluxed on a water bath (95°) for 3 hrs. After deproteinization with lead acetate, excess lead in the solution was precipitated with hydrogen sulfide, and removed by filtration. To the filtrate was added ethanol to a 90°o concentration.
The resulting precipitate was centrifuged and dissolved in an equal volume of water. Insoluble parts was discarded by centrifugation.
Then, ethanol was added to the supernatant to a 700 final concentration and the resulting precipitate was collected.
The ethanol-precipitation was repeated in the same manner.
The precipitate obtained was dissolved in water, and applied to a carbon-Celite 535 (1: 1) column (3.2x45 cm). Elution was carried out with stepwise increasing concentrations of ethanol and elutes were detected by phenol-sulfuric acid method12> for every 10 ml fraction.
Fractions with 30% ethanol contained the phenol sulfuric acid-positive substances most abundantly. They were combined and concentratedd under reduced pressure at 40 ° . To the concentrate, was added ethanol to a 90% final concentration.
After standing the mixture for about 80 hrs., the resulting precipitate was collected by centrifugation, washed successively with absolute ethanol, acetone and ether, and dried in vacuo over phosphorus pentoxide. The products was characterized as follows.
Gel Filtration for Molecular Weight-Estimation A 5ephadex G-75 column (1.5x90 cm) with an 48 ml bed volume was placed in a cold room (O-5°). Blue dextran 2000 (5 mg) which served as a marker for void volume and glucose, sucrose, raffinose, stachyose and laminaran from Eisenia bicyclis (5 mg each), all of which were used as markers for determination of the molecular weight of a sample of glucof ructan, were applied to the top of the column respectively with the sample (5 mg) after they each were dissolved in 2 ml solution.
The column was eluted with distilled water and every 4 ml of the effluent was collected with an automatic fraction collector. Blue dextran was determined by measuring the ODG25 m0• Aliquots of the fractions (1 ml) that contained markers or the glucof ructan were colorimetrically analysed by phenol-sulfuric acid reagent12'. Fraction volume for the elution of each marker substance was plotted against the logarithm of its molecular weight.
Determination of Sugar Residees in Glucofructan
Glucose and fructose produced from glucof ructan (75 mg) by hydrolysis with 1 N sulfuric acid (10 ml) at 90 ° for 30 min. were determined by glucose oxidase and the resolcinol hydrogen chloride reagent13', respectively. In the latter procedure, the absorbance at 515 ma was measured and compared with a standard curve obtained with the known concentration of fructose.
For the estimation of glucose, a commercial preparation of glucose oxidase (0.1 g) was added to an aliquot of the hydrolysate which was adjusted to pH 5.6 with 0.1 M-acetate buffer, and the mixture was incubated at 40 ° for 3 days. Completion of the enzymic oxidation of glucose was checked by paper chromatography. Gluconic acid produced was then titrated 0.01 N-sodium hydroxide solution using methyl red as indicator, and estimated with reference to a standard curve which was obtained from D-gluconic acid produced from commercial (3-D-glucose (Tokyo Kasei. Co. Ltd.) by action of glucose oxidase.
Periodate Oxidation
One tenth M sodium metaperiodate solution (30 ml) and 0.1 M acetate buffer (pH 4.6) were added to an aqueous solution of a sample of glucofructan (100 mg) and made up to 100 ml with water. The reaction was allowed to proceed at 5° in the dark. A solution of sucrose was also oxidised under the same conditions as control test. Periodate consumed was determined by Fleury-Lang titrimetrical methodl4'.
To another aliquot of the reaction mixture (3 ml) was added ethylene glycol (ca 5 ml) and an excess of periodate was reduced.
Formic acid released was titrated with 0.01 N sodium hydroxide using methyl red as indicator.
After the periodate consumption and the formic acid release had reached maximal values, an aliquot of the reaction mixture (2 ml) was removed and f or maldehyde produced was determined by chromotropic acid reagent16'.
Acetylation
A completely dried sample of glucof ructan (1 g) was dissolved in dry pyridine (20 ml) by heating on a water bath at 50 ° . Acetic anhydride (10 ml) was added and the mixture was kept in the dark for 3 days with vigorous stirring one or twc times per day. The reaction mixture was poured into ice-water (100 ml), then the resulting precipitate was filtered off, washed with cold water until free of acid and dried in vacuo over phosphorus pentoxide. Acehylation degree was judged by infrared spectrum, in which disappearance of OH absorption band between 3600 to 3000 cm~1 and appearance of C=O stretching absorption band at 1750 cm-1 due to the acetyl group occurred.
Met hylation
According to Kuhn's method16', a completely dried sample of glucof ructan (1 g) was dissolved in N, N-dimethylf ormamide (10 ml). Methyliodide (15 ml) and freshly prepared dried silver oxide (5 g) were added to the solution and the mixture was vigorously stirred in the dark at room temperature for 20 hrs. Methyliodide (10 ml) and silver oxide (5 g) were added again and stirred for further 20 hrs. The dark grey reaction product was separated by filtration and extracted throughly with chloroform.
The filtrate was treated with chloroform in the same way. A combined chloroform extract containing partially methylated glucof ructan was shaken three times with a mixture (100 ml) of an equal volume of 5% potassium cyanide and 3°o sodium thiosulf ate, and the chloroform extract became colorless.
With the product in this chloroform solution, methylation was repeated twice more under the same conditions.
Fully methylated glucof ructan was obtained as a pale yellow precipitate when a large volume of petroleum ether (b. p. 30-60°) was added to the final concentrated chloroform extract. Methylation extent was measured by means of infrared spectrum for OH band between 3600 to 3000 cm~ 1 and by chemical analysis of the remaining methoxyl content according to a modified micromethod of Zeisel19'. In parallel, methoxyl content of vanillin (3-methoxy-4-hydroxy benzaldehyde) was determined as control. Authentic samples for methylated derivatives of fructose was obtained from commercial inulin and the sucrose by the same methylation procedure as above.
Hydrolysis of Methylated Glucofructan Methylated glucof ructan (ca. 60 mg) was dissolved in 72% sulfuric acid (10 ml) under cooling with ice-water and the solution was allowed to stand at room temperature for 1 hr. The solution was then diluted to a 8% final concentration with regard to sulfuric acid, heated in a boiling water bath for 4 hrs., and neutralized with saturated barium hydroxide solution. Precipitate of barium sulfate was removed by filtration and washed carefully with water and ethanol.
A combined solution of filtrate and wash was concentrated to a syrup under the reduced pressure at a temperature below 40 ° . The syrup containing methylated monosaccharides was submitted to a paper chromatography using solvent system used by Bacon et al.3'. The possible demethylation of the methylated sugars during hydrolysis was checked by the same procedure for completely methylated sucrose and 2, 3, 4, 6-tetra-0-methyl-D-glucose being used as standard.
Determination of Methylated Sugars
The hydrolysate of completely methylated glucof ructan obtained above was fractionated by paper chromatography using Whatman 3 MM filter paper and the same solvent system as above. 
Gel Filtration Chromatography
For the estimation of the molecular weight of the glucof ructan, the column of Sephadex G-75 was calibrated with the oligo-and polysaccharides of known molecular weight used as markers.
As shown in Fig. 2 , , these standard sugars were eluted in making a linear relationship between their elution volumes and logarithm of their molecular weights, and that the glucof ructan is also found on this line. From these results, molecular weight of the glucof ructan may be estimated nearly 1000. Molecular weight os Eisenia-laminaran estimated from this figure is in good: agreement with that reported previously20'.
Identification o f Hydrolysis Products
On the paper chromotogram of completely hydrolysed glucof ructan, two spots with RG values 1.10 and 1.00 were recognized.
The former showed pink color with. 
1.55
resolcinol hydrogen chloride reagent, while, the latter was negative toward this reagent.
The latter spot disappeared from the chromatogram when glucose oxidase was added to the hydrolysate and a new spot appeared corresponding to gluconic acid (RG 0.25). Similar result was obtained when the sucrose hydrolysate was treated in the same way.
Furthermore, the marks for authetic D-fructose and D-glucose also showed the spots of the same RG values as obtained with the samples, hence the sugar constituents in the glucof ructan hydrolysate must be D-fructose and D-glucose. Phenylosazone obtained from the hydrolysate melted at 204-5° and a mixed melting point with authentic glucosazone showed no depression. The infrared spectrum agreed with that of the authentic glucosazone.
Determination
of Sugar Residues of Glucofructan By the same method as stated above, the quantity of glucose and f rucose contained in the hydrolysate of 75.1 mg of glucof ructan was estimated to be 13.64 mg and 64.48 mg, respectively, as shown in Table 1 . These results indicate that the molar ratio of glucose and fructose in the glucof ructan may be approximately 1:5.
Periodate Oxidation
After approximately 120 hrs. oxidative reaction, sucrose used as control consumed 2.9 moles of periodate, released 0.83 mole of formic acid and gave no formaldehyde when the oxidation seemed to reach a maximum.
Since these values of periodate consumption and formic acid production correspond to theoretical values for periodate oxidation of 1 mole sucrose, the values obtained from the oxidation of glucof ructan under the same conditions may be also regarded as maximal values; it consumed 1.06 moles of periodate, released 0.17 mole of formic acid per anhydro hexose residue and gave no formaldehyde.
Properties of Acetylated Glucofructan
Infrared spectrum ( Fig. 1-B ) of an acetylated sample of glucof ructan did not change upon reacetylation under the same conditions. This suggests that full acetylation was accomplished under these reaction conditions. It showed an [a]D of -26.97 (c, 0.8 chloroform), and 1 g of glucof ructan gave a yield of 1.2 g.
Some Properties of Methylated Glucofructan
After three-fold methylations by Kuhn's method, glucof ructan showed practically no infrared absorption band for OH band (Fig. 1-C) . Methylated glucof ructan (3.2 mg) gave methoxyl (1.4 mg) by Zeisel's method corresponding to 44.1°0, the value Table 1 . Determination of the sugar residues of glucofructan. It is to be noticed that no trace of other spot than these three was found on the paper chromatogram of the hydrolysates of methylated glucof ructan. In addition, no substances seemed to be produced by demethylation were found on the paper chromatogram of 2, 3, 4, 6-tetra-O-methyl-D-glucose and methylated sucrose which had been exposed to the same hydrolysis conditions. Therefore, it may be clear that none of the three spots of methylated sugars is artifact which might be produced during the treatment. Table 2, the molar ratio 
Discussion
A hot water extract from Arrhenatherum elatius var. bulbosum gave several kinds of oligosaccharides seeming di-, tri-and tetra-saccharides upon paper chromatography, and the main product was a higher oligosaccharide that did not move even after 30 hrs. development.
This product was purified by repeated alcohol precipitation and column chronatography on charcoal until it behaved as a single component on Sephadex gelfiltration.
The saccharide was found to be composed of hexose units that are identified as glucose and fructose.
Their molar ratio was approximately 1 : 5. According to Schlubach, f ructans of inulin and phlein types can be distinguished by the sign of the optical rotation of their acetyl derivatives21'. Namely, all acetyl f ructans of iulin type are levo-rotatory whereas those of phlein type are dextrorotatory.
Glucof ructan acetate obtained in the present work, showed an [aim of -32 .6, indicating the linkages of this saccharide to be of the inulin type. This assumption was confirmed by various chemical analyses and the Schlubach's rule appears to be applicable to the present glucof ructan.
Methylation analysis demonstrated that the glucof ructan had no branched structure and fructose residues are connected through 1, 2-f ructoside linkage (inulin type) since the main product obtained upon hydrolysis of the methyl derivative was 3, 4, 6-tri-0-methyl-D-f ructose.
In addition, 1,3,4, 6-tetra-O-methyl-n-fructose and 2, 3, 4, 6-tetra-O-methyl-D-glucose were obtained in an equimolar proportion, and the glucose residue seems to be located at the terminal position.
This structure reflects in the nonreducing capacity of the glucof ructan. In periodate oxidation, 0.17 mole of formic acid was produced per mole of the glucof ructan.
Such a formation of formic acid is possible only when the glucose residue is located at the terminal position of the glucof ructan molecule as in sucrose molecule.
This result seems to support the above conclusion obtained by methylation analysis. From the amount of formic acid, the degree of polymeri- Glcp 1 -~=-2 Fruf 1-4-->2 Fruf.
